INTRODUCTION
Presently many recanalization methods are being developed to reopen obstructed arteries during catherization. Spark erosion is such a new obstruction removal technology. As reported by Slager et al (1) , spark erosion can be used to evaporate atherosclerotic plaque and other arterial obstructions. The technique was studied in specimen of human aorta obtained at autopsy. It works well on fatty and fibrous tissue. The method is less suited for removal of purely calcified areas. The removal of obstructing tissue and the healing response are important parameters, but so is the steerability of the ablation process.
One of the main problems is arterial curvature and the asymmetry of the obstruction in relation to the arterial wall. In many of the newly proposed recanalization methods, this asymmetry introduces the risk of arterial wall perforation. For optimal use knowledge of the localization and geometry of arterial obstruction is necessary. Catheter tip ultrasonic guidance seemed a good choice. In principle it can be combined with spark erosion, which in turn can be made steerable by the use of multiple electrodes. 
EARLY CATHETER TIP WORK IN ROTTERDAM
As early as 1969 we started a program to develop two -dimensional real -time invasive ultrasonic imaging using state -of-the -art technology. A 32-element circular array with an outer diameter of 3.2 mm mounted at the tip of a No. 9 French catheter, as illustrated in Figure 1 , was constructed (see References 2,3). As pointed out in the original paper (2), the array design had to be a compromise between the optimal design and the limitations imposed by technological constraints. The final design was chosen to operate at 5.6 MHz with a narrow main beam at the cost of a pronounced grating lobe at +/-56 °. As a consequence the resulting display of an intracardiac scan was made up of three components: an image of echoes generated within the main beam and two superimposed images of reduced intensity from grating lobe echoes, but rotated over plus and minus 56 °. At the time it seemed too costly to continue at full speed, and effort was shifted to noninvasive work.
A HIGH FREQUENCY CATHETER TIP ECHO SCANNER
For integration with spark erosion for the purpose of recanalization, the electronically steered phased array approach was considered to be not a first choice. Work has subsequently been focussed on mechanical sector scan methods. It is this work which is reported here.
Two approaches are illustrated in Figure 2 (see Reference 4). (1), spark erosion can be used to evaporate atherosclerotic plaque and other arterial obstructions. The technique was studied in specimen of human aorta obtained at autopsy. It works well on fatty and fibrous tissue. The method is less suited for removal of purely calcified areas. The removal of obstructing tissue and the healing response are important parameters, but so is the steerability of the ablation process.
One of the main problems is arterial curvature and the asymmetry of the obstruction in relation to the arterial wall. In many of the newly proposed recanalization methods, this asymmetry introduces the risk of arterial wall perforation. For optimal use knowledge of the localization and geometry of arterial obstruction is necessary. Catheter tip ultrasonic guidance seemed a good choice. In principle it can be combined with spark erosion, which in turn can be made steerable by the use of multiple electrodes.
EARLY CATHETER TIP WORK IN ROTTERDAM
As early as 1969 we started a program to develop two-dimensional real-time invasive ultrasonic imaging using state-of-the-art technology. A 32-element circular array with an outer diameter of 3.2 mm mounted at the tip of a No. 9 French catheter, as illustrated in Figure 1 , was constructed (see References 2,3) . As pointed out in the original paper (2), the array design had to be a compromise between the optimal design and the limitations imposed by technological constraints. The final design was chosen to operate at 5.6 MHz with a narrow main beam at the cost of a pronounced grating lobe at +/-56°. As a consequence the resulting display of an intracardiac scan was made up of three components: an image of echoes generated within the main beam and two superimposed images of reduced intensity from grating lobe echoes, but rotated over plus and minus 56°. At the time it seemed too costly to continue at full speed, and effort was shifted to noninvasive work.
A HIGH FREQUENCY CATHETER TIP ECHO SCANNER ______________
Two approaches are illustrated in Figure 2 (see Reference 4) .
The first catheter system has four electrodes in a fixed catheter tip. In Figure 2A we A rotating tip design is illustrated in Figure 2B . The first design features no contact of rotating mechanical parts with the internal arterial wall. The second design has the advantage that the image plane and the spark erosion plane are almost identical. These designs (see Reference 5) seem the most practical from a series of six designs that have been worked out on paper. They served only as a pre -study prior to building prototypes. 
CONCLUSION
The use of internal high frequency echo imaging for the study of arterial obstructions seems feasible. Studies show that, with practical small dimensions, internal wall contours are well delineated.
Incorporation of a mechanically rotating 20 MHz echo system in the tip of a catheter might thus be clinically useful, especially when this system is combined with a recanalization method such as spark erosion. Two catheter designs have been described. Only future studies with prototypes will yield knowledge as to the practical usefulness of such inventions. The first catheter system has four electrodes in a fixed catheter tip. In Figure 2A we observe the catheter shield [1] ; the isolation [2] ; the electrodes [3, 4, 5, 6] The first design features no contact of rotating mechanical parts with the internal arterial wall. The second design has the advantage that the image plane and the spark erosion plane are almost identical. These designs (see Reference 5) seem the most practical from a series of six designs that have been worked out on paper. They served only as a pre-study prior to building prototypes. The use of internal high frequency echo imaging for the study of arterial obstructions seems feasible. Studies show that, with practical small dimensions, internal wall contours are well delineated.
Incorporation of a mechanically rotating 20 MHz echo system in the tip of a catheter might thus be clinically useful, especially when this system is combined with a recanalization method such as spark erosion. Two catheter designs have been described. Only future studies with prototypes will yield knowledge as to the practical usefulness of such inventions.
